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Increasing  use  of  artificial  insemina.tion  of  livestock  in  Russia  and^ 
other  European  po.untries  during  the  last  few  years  has  created  a  great  in¬ 
terest  in  this  subject  in  the  United  States.  While  the  method  is  not  new, 
many  improvements  in  technical  details  have  been  made  in  recent  years  and 
the  method-’ has,,  been  demonstrated  to  be  an  effective  means  for  bringing 
about  conception.  It  has  been  used  extensively  in  the  large  breeding  centers 
in  Russia  and  -is  being  used  in  cooperative  dairy  associations  in  Denmark 
and  elsewhere.  Since  May  1938, r  four  cooperative  dairy  breeding  associa¬ 
tions  have  been  organized  in  Hew  Jersey  and  Hew  York  in  i/^hich  artificial 
insemination  is  being  used  exclusively  as  a  .means  of  obtaining  the  services 
of  a  proved  sire  for  the  members  of  the  associ.ations.  The  method,  however, 
has  certain  limitations  and  itHs  vroll  tha.t  these  limitations  as  v;ell  as 
its  advantages  be  generally  appreciated. 


Uses  for  Artificial  Insemination 


The  fallowing,  are  ways  in  #iich  artificial  insemination  has  proved 
useful  in  practical  and  experimental  animal  breeding:  (1)  by '  increasing 
the  use  of  valuable  proved  sires;  (2)  to  increase  the  percentage  of  con¬ 
ceptions;  (3)  by  extending  the  period  of  usefulness  of  valuable  sires, 
tha.t  because  of  .age  or  crippling  arc  unable  to  serve,  or  if  able,  can 
breed  only  a  limited  number  of  females;  (4)  where  differences  in  size 
make  natural  insomina.tion  difficult  or  impossible;  (5)  in  certain  in¬ 
stances,  as  -an  effective  aid  in  disease  control;  (6)  to  effect  conception 
in  valuable  fem.ales  that  fail  to  conceive'  follomng  copulation,  or  in 
females  th.at  refuse  to  .accept  the  toalc;  (7)  to  make  use  of  yo^ong  sires 
before  they  have  attained  sufficient  size  to  mate  normally  or  sufficient 
ago  to  be  bred  to  a.  large  number  of  females;  and  (8)  to  bring  about 
species  crosses  where  natural  ma,ting  is-  difficult  or  impossible. 


While  artificial  insemination  is  a  promising  and  often  a  very 
useful  tool  for  breeders,  it  should  be  emphasized  that  it  be  'used  only 
by  skilled  workers,  such  as  veterinarians  or  others  who  have  been  properly 
trained  in  the  use  of  the  method.  A  practical  knowledge  of  the  stiucture 
of  the  reproductive  organs  and  of  reproductive  physiology  is  necessary, 
as  well  as  a  knowledge  of  the  ^jroccdures  to  be  followed  in  the  collection 
of  semen  and  inpomination ,  of  the.  femde.  Certain  precautions  are  also 
necessary  to  avoid  injur;,^.  to  the  breeding'  an.im'.ls  .and  to  orevent  spread 
of  disease.  In  some  species  relativelv  little  research  has  been  done  on 
this  subject  and  until  more  infomn.ation  is  available  artificial  insemination 
will  not  bo  entirely  satisfactory  for  these  species.  If  artificial 
insemination  is  to  be  used  most  effectively,  satisfactory  methods  for  the 
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collection  of  semen  and  the  insemination  of  the  female  must  he  available 
and  the  stage  of  the  estrual  cycle  of  the  female  must  he  knoTOi  so  that 
insemination  can  he  made  at  the  proper  time  before  ovulation.  In  general, 
it  is  not  practicable  at  present  for  the  average  breeder  but  in  certain 
cases,  as  in  large  breeding  establishments,  organized  breeding  associations, 
and  experimental  herds,  it  is  both .practicable  and  useful. 

From  the  standpoint  of  livestock  improvement  its  chief  advantage 
over  natural  breeding  lies  in  its  possibilities  for  spreading  the  ser¬ 
vices  of  outstanding  sires.  Its  use  in  applied  breeding  programs  should  be 
largely  confined- to ■ such  purposes  although  it  can  sometimes  be  used  to  very 
good  advantage  In  increasing  fertility  in  breeding  herds. 

Where  properly  used  the  danger  of  spread  of  disease  is  no  greater 
and  perhaps  not  so  great  as  in  natural  breeding.  However,  this  danger 
exiists  and  certain  precautions  must  be  talcen  in  the  handling- of  .equip¬ 
ment  ■  and  apparatus,  and  to  see  that  sires  to  be  used  "are  free  from  in¬ 
fectious  disease  that  might  be  transmitted  through  the  semen. 

The  Collection  of  Semen 


Various  methods  have  been  and  are  being  used  for  collection  of 
semen  but  certain  of  these  are  unsatisfactory  and  are  being  replaced  by 
newer  and  more  satisfactory  methods..  The  methods  in  most  general  use  at 
this  time  for  collection  of  semen  are:  (l)  from  the  vagina  following 
natural  service;-  (S)  by  means  of  the  artificial  vagina;  (3)  by  means  of 
the- breeder • s  bag  in  case  of  stallions;  and  (4)  by  massage  in  c aso  of  the 
bull,  the -chicken,  and  the  turkey.  ,  In  sheep  induction  of  ejacula-tion  by 
mieans  of  electrical,  stimulation  has  proved  successful  but  it  is  primarily 
a  laboratory  method.  Other  means  of  collection  now  obsolete  are:  the 
sponge  method;  use  of  the  sperm  collector;  and  pan  collection'  following 
withdrawal  aft -or  coitus.  ■  ■ 

Collection  from  the  vagina  involves  the  aspiration  of  the  semen 
from  the  floor  of  the  vagina  following  service.  This  method  is  quite 
useful  but  has  a  number  of  objectionable  features.  The  quantity  of  the 
semen  obtained  from-  one  service  is  small  and  the  semen  is  mixed  with  the 
secretions  of  the  vagina.  One  of  the  most  objectionable  features  is  the 
danger  of  spreading  disease,  and  where  this  method  is  used  the  greatest 
precautions  should  be  t  aken  to  insure  that  the  females  used  for  collection 
are  free  from  any  infective  reproductive  diseases  or  disturbances.  It  is 
best  to  use  females  out  of  heat,  and  under  no  conditions  should  a  female  be 
used  following,  parturition. 

The  artificial  vagina  has  proved  satisfactory  for.  collection  with 
most  species  on  i^hich  it  has  b.een  tried.  The  device  consists  of  an  outer 
tube  of  hard  rubber  or  metal  and  a  soft  rubber  inner  tube.  Warm  water, 

3  or  4  degrees  above  body  temperature,  is  introduced  into  the  space  between 
the  inner  and  outer  walls  until  the  desired  pressure  is  obtained.  The  semen 
is  collected  in  a  .small  flask  attached  to  one  end  of  the  inner  tube.  -  With 
this  method  of  collection  the  semen  is  obtained  in  a  near-sterile  condition 
and  the  entire  ejaculo.te  is  collected.  Most  animals  may  be  easily  trained  to 
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use  the  artificial  vagina. 

'The  hreeder’s  hag  is  a  useful  and  sa.tisfactory  means  for  col¬ 
lection  from  the  stallion  hnt  rot  all  stallions  vill  work  Vvlth  it»  With 
it  a  large  volume  of  ejacolate  is  obtained  in  an  undiluted  state.  Collec¬ 
tion  hy  means  of  massage  is  an  effective  means  of  collection  from  the  hull 
hut  considerable  skill  is  req.uired  on  the  part  of  the  operator  if  success¬ 
ful  collections  are  to  be  made.  Fiarthor,  collections  are  difficult  from 
some  bulls.  With  an  experienced  operator  large  quantities  of  semen  may  be 
obtained  in  a  n®.r  sterile  condition.  In  the  chicken  and  turkey  collections 
■are  easily  made  by  an  experienced  operator  and  relatively  large  a^uantities 
of  semen  can  be  obtained  at  frequent  intervals. 

The  Examination  of  Semen 

Certain  chara-cteri sties  of  semen  a.re  indicative  of  the  fertility  of 
a  male,  so  where  a  sire  is  to  be  used  extensively  for  either  natural  breed¬ 
ing  or  a.rtificial  insemination  careful  exajrination  of  the  semen  should  be 
made,  both  before  the  beginning  of  the  breeding  season  and  at  weekly  or 
;two-week  intervals  during  the  breeding  season.  The  factors  to  be  consid¬ 
ered  in  such  an  examination  are  mbtility,  number  of  sperm,  abnormalities  of 
the  sperm,  quantity  of  ejaculate,  color  and  consistency  of  ejaculate,  the 
hydrogen-ion  concentration,  and  freedom  from  bacteria,  p.arasites^  or 
cellular  debris  that  v/ould  indicate  a  pathological  condition  of  the  genitals 
of  the  sire.  This  oxamina.tion  should  not  be  confined  to  one  ejaculate  since 
considerable  variation  may  occur  in  certain  of  these  characteristics  from 
time  to  times 

ITo  one  cnaracteristic  of  the  semen  can  be  taken  as  an  ahsolute 
index  of  fertility.  Large  numbers  of  highly  motile  sperm  should  be 
present  in  the  ejaculate,  the  number  of  abnormal  sperm  shoifld  be  low,  and 
the  color,  consistency,  and  hydrogen-ion  concentration  of  the  semen  should 
be  normal  for  the  specieso  If  large  num^bers  of  inseminations  are  to  be 
made  it  is  also  desirable  tha.t  large  quantities  of  semen  are  produced.  If 
excessive  numbers  of  bacteria  or  other  abnormal  cells  are  present,  the 
male  should  not  be  used  lontil  the  cause  for  this  trouble  is  ascertained  a.nd 
the  condition  is  corrected.  In  the  case  of  cattle,  examination  should  al.ways 
be  made  for  trichomonads,  raiich  may  be  transmitted  through  the  semen. 
Examination  for  disease  and  parasites  should  best  be  made  by  a  competent 
veterinariano 


Insemination 

Regardless  of  the  species  with  which  one  is  'working,  certain  proce¬ 
dures  and  practices  must  be  careful.ly  follo'wed  if  the  greatest  success  is 
to  be  hau.  Before  undertaking  insemination  or  collection  of  semen  it  is 
necessary  that  proper  apparatus  be  on  hand,  that  it  be  clean,  free  from 
harmful  chemical  substances  or  bacteria,  and  completely  dry.  The  instruments 
sho'uLd  be  placed  on  a  clean  tov/el  on  a  solid  but  mova.ble  table  convenient  to 
the  operator,  arid  they  should  be  kept  covered  with  a  clean  towel  free  from 
dust.  The  hands  of  the  operator  should  be  thoroughly  washed  with  soap  and 
hot  water,  then  rinsed  and  dried  'orecoding  any  collections  or  inseminations. 
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The  paddock  or  quarters  should  he  ample  in  size  and  free  from  any  objects 
that  might  frighten  or  injiire  breeding  animals*  Biere  possible  the  same 
paddock  should  always  be  used  for  service  since  males  work  best  in  familiar 
surroundings  and  they  soon  learn  to  anticipate  serv/'ice  vdien  D.ed  into  these  ^ 
quarters.  Inseminations  should  be  made  in  clean,  dust-free  quarters  in 
order  to  prevent  mdue  exposure  of  the  vaginal  mucosa  of  the  female  to 
infectious  agents* 

A  very  important  consideration  to  the  success  of  inseminations  is 
to  time  the  insemina.tions  so  that  they  will  be  made  shortly  before  ovulation, 
for  after  ovulation  eggs  soon  lose  their  capacity  for  fertilization;  also, 
the  duration  of  life  of  sperm  in  the  female  reproductive  tract  is  quite  short* 
In  general,  ovulation  occurs  near  the  end  of  estrus  although  some  variation 
exists  between  different  animals  as  well  as  in  the  duration  of  estrus  and 
the  intensity  of  manifestation  of  heat.  Since  it  is  often  impossible  for 
the  breeder  to  determine  the  exact  time  of  the  onset  of  estrus,  the  following 
times  are  suggested  for  breeding  or  insemination; 

Bitch:  On  the  eleventh  to  thirteenth  day  .n.fter  beginning  to  bleed* 

Cow:  Preferably  tvace,  once  shortly  after  beginning  of  heat  and  again 

13-20  hours  after  beginning;  if  but  once,  10-12  hours  after  onset 
of  hea.t. 

Ewe;  During  the  last  half  of  the  heat  period, or,  if  feasible,  at  12-hour 
intervals  so  long  as  in  heat* 

Goat;  During  the  last  half  of  the  heat  period. 

Mare;  On  the  second  and  fifth  day  of  heat  if  possible,  but  if  to  bo  bred 
only  once,  on  the  third  day  of  heat*  Where  a  mare  is  in  heat  throe 
days  after  breeding,  breed  a  second  time. 

Sow;  Late  on  the  first  day  or  on  the  second  day  of  heat,  preferably  the 
second  day. 

While  relatively  few  experimental  data  are  available,  such  experiments 
as  have  been  made  indicate  that  the  best  results  with  artificial  insemination 
are  obtained  by  introducing  the  semen  well  into  the  cervix  or  with  some  species 
directly  into  the  uterus.  In  making  inseminations  the  vagina  should  be  opened 
with  a  speculum  and  the  semen  introduced  with  a  syringe  directly  into  the 
cervix,  which  can  be  seen  at  the  anterior  end  of  the  vagina*  Since  spermatozoa 
are  easily  injured  by  coming  in  contact  mth  most  metals,  a  syringe  with  glass 
barrel  and  plunger  should  bo  used.  In  horses  insGmina.tions  are  frequently 
made  with  capsules.  Where  capsules  are  used  the  hand  of  the  operator  is  inser  | 
ed  into  the  vagina  and  the  capsule  is  pushed  through  the  cervix.  In  case  the 
cervis  is  not  relaxed  sufficiently  to  permit  insertion  of  the  capsule,  relax¬ 
ation  may  generally  be  obtained  by  massaging  the  cervix  gently  with  the  fingers 

The  quantity  of  semen  needed  for  successful  fertilization  is  somevdiat 
debatable,  it  being  dependent  upon  such  factors  as  the  qualitj'’  of  the  semen, 
the  state  of  the  reproductive  tract  of  the  fem.ale,  the  region  into  #iich  the 
semen  is  introduced,  and  the  stage  of  estrus*  In  the  cow  doses  of  0.5  to  2  cc 
seem  to  be  sufficient  if  placed  in  the  cervix,  while  in  sheep  doses  of  0.1 
to  0.2  cc 
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are  effective^  In  the  mare  doses  of  15-35  cc  should  he  used,  vh.ile  in  the 
sow  50  cc  of  semen  that  has  been  freed  of  gelatinous  particles  seems  sufficient* 
In  the  chicken  it  has  been  shown  the.t  insemination  with  doses  of  0.C5  cc  of 
semen  once  a  week  results  in  fertilit;^  a.s  hi^  as  that  obtained  from  natural 
matings o 

Storage  and  Transportation  of  Semen 

Where  inseminations  are  to  be  made  some  time  after  collection  certain 
precautions  must  be  taken  to  keep  the  semen  in  a  high  state  of  viability. 
Temperature  shocks  must  be  avoided  and  it  is  best  to  protect  the  semen  as  itnuch 
as  possible  from  contact  -uth  air  in  order  to  decrease  activity  of  the  sperm* 

In  addition,  contact  with  metals,  waiter,  or  harmful  chemical  agents  must  be 
scrupulously  avoided.  T^iere  inseminations  are  to  be  made  vathin  one  hour  after 
collection,  the  semen  may  be  placed  in  a  small  viaJ.  which  has  been  thorou^aly 
cleansed  and  dried.  After  being  stoppered,  the  via],  may  bo  left  at  the  temper¬ 
ature  of  a  warm  room  (80-85°F, )  but  should  be  set  in  a  dark  place  and  'onder 
no  conditions  be  exposed  to  direct  sunlight.  Where  semen  is  to  be  kept  for 
longer  periods  it  should  be  placed  in  a.  small  vial  immediately  after  collection, 
covered  with  sufficient  high-grade  neutral  paraffin  oil  to  exclude  all  air 
from  the  vial  after  it  is  stoppered,  then  wrapped  in  two  thicknesses  of  paper 
and  set  in  the  refrigerator;  or  the  paper— swapped  vial  ma.y  be  covered  with 
two  rubber  thumb  stalls  and  dropped  in  a  •'racuum  bottle  containing  water  at  37°- 
'^^°*  This  treatment  provides  for  gradtx^al  cooling  and  maii^tenance  at  this  tem¬ 
perature*  Upon  removal  of  the  semen  from  tne  refrigerator  or  vacuum  bottle, 
the  temperat'-ore  should  be  raised  gro.dually  before  inseminations  are  made.  This 
technique  has  been  successful  with  bull,  ram,  and  goat  semen,  but  for  the  more 
wa.tery  types  of  semen  (stallion  and  boar)  satisfactory  methods  for  storage  have 
not  been  perfected* 

During  the  last  few  years  several  successful  long-distance  shipments 
of  bull  and  ram.  semen  have  been  made  for  use  in  distant  herds.  Wnere  artifi¬ 
cial  insemination  is  to  be  used  in  this  w/ay  a  close  coordination  of  effort  is 
necessary  between  the  party  making  the  collections  and  the  one  doing  the 
inseminations.  The  shipments  must  be  planned  so  that  a  minimum  of  time  will 
elapse  between  collection  and  insemination  and  so  that  the  semen  will  be  on 
hand  when  the  females  are  in  the  proper  stage  of  estrus.  Such  use  of  artifi¬ 
cial  insemination  is  still  in  the  experimental  stages.  Because  of  the  diffi¬ 
culties  involved  it  is  probable  that  this  use  of  artificial  insemination  will 
be  practicable  only  in  exceptional  circumstances  even  though  satisfactory 
methods  for  shipment  ai'o  devised* 


Dilution  of  Semen 


The  main  pui’pose  of  dilution  is  to  spread  the  services  of  any  given 
sire  and  is  necessary  only  viiere  a  large  number  of  females  are  being  insem¬ 
inated  with  the  semen  of  a  male.  In  Russia  dilutors  have  been  used  extensively 
at  the  insemination  centers  with  very  good  results*  A  good  diluting  agent  must 
have  the  following  qualities:  (l)  it  must  not  be  toxic  to  spermatozoa;  (2) 
the  osmotic  relations  must  be  similar  to  those  existing  in  the  \indiluted  semen; 
(3)  the  pH  of  the  semen  must  be  favorable  for  continued  viability  of  the 
spermatozoa;  (4)  it  should  contain  a  buffering  solution  to  protect  against 
marked  changes  in  the  pH;  and  (o)  it  shouJ-d  be  inexpensive  and  easy  to  prepare* 
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Where  good  dilutors  are  used  the  volume  of  semen  may  be  increased  several- 
fold  Vvlthout  decreasing  the  percentage  of  conceptions#  Mien  used  they  should 
be  added,  to  the  semen  slowly  and  the  tube  containing  the  semen  should  be 
shaken  while  the  dilutor  is  being  added. 


Various  diluting  solutions  have  been  developed.  The  SGC2  formula 
devised  by  Russian  workers  is  a.  satisfactory  diluent  for  bull  semen.  It  is 
made  as  follows; 

Distilled  v/ater 
Sodium  Sulphate  (Ra2S04) 

Glucose 
Peptone 


1000.0  cc 
13.6  grams 
12.0  grams 
5.0  grams 


At  the  University  of  Minnesota  the  following  formula  has  been  found  satisfactory 
for  sheep; 


Distilled  water  1000.0  cc 

I'TaoHPOA  .12Hp  5.4  grams 

KHgPO^  ^  grs-ms 

CaS04  Saturate 

Tliese  solutions  sho'ul.d  be  adjusted  to  get  a  pK  of  about  7. 

Other  Considerations 

An  import.ant  factor  in  all  breeding  programs,  \fnether  natural  breeding 
or  artificial  insemination  is  used,  is  to  have  the  male  in  the  best  possible 
breeding  condition.  Tne  management  program,  if  possible,  should  be  such  that 
males  and  females  arc  improving  in  condition  throughout  the  breeding  season. 

The  ration  of  the  male  should  be  well  balanced,  containing  ample  supplies  of 
minerals,  carbohydrates,  xoroteins,  and  vitimins.  Excessive  fatness  in  breeding 
males  should  be  a-voided  for  the  fertility  of  such  ra.ales  is  usulally  lowered  by 
the  production  of  fewer  sperm  or  sperm  of  lov/er  quaRity. 

Where  summer  temperatures  are  frequently  above  80°— 85*^?.  it  is  good 
practice  to  allow  stud  males  access  to  cool  quarters,  cool  water,  and  ample 
shade.  In  rams  ajid  several  laboratory  species  it  has  been  definitely  shown 
that  high  atmospheric  temperatures  lower  the  sperm  production  and  result 
in  a  high  count  of  abnormal  sperm. 


If  males  are  to  be  used  for  a,rtificial  insemination,  it  is  important 
that  they  be  docile,  well  broken  to  lea.d,  and  free  from  bad  habits.  Most  males 
may  be  easily  t  rained  to  mount  females  out  of  heat  or  to  mount  dummies.  vl 

ViMch  work  has  been  done  in  an  attempt  to  evaluate  the  influence  of 
frequency  of  service  on  reproductive  efficiency.  Much  variation  exists  be¬ 
tween  individual  males  in  this  respect  and  between  different  species.  Eor 
those  speciss  that  produce  large  quantities  of  ejaculate  at  each  service 
(stallion,  boar,  dog)  the  sperm  number  per  ejaculate  decreases  rapidly,  while 
in  species  in  which  the  ejaculate  is  small  a  great  many  matings  may  be  ma.de 
in  a  relatively  short  time  without  greatly  decreasing  the  number  of  sperms 
per  ejaculate  or  their  viability.  In  the  boar  one  m.ating  a  day  seems  sufficient. 
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^ile  in  r§ms  it  would  appear  that  more  than  three  matings  may  he  made  per 
day  without  serious  depletion  of  the  sperm  nuraoer.  In  many  mature  stallions 
from  t  wo  to  five  matings  per  day  may  he  made  without  seriously  depleting  the 
sperm  supply  hut  good  management  would  seem  to  call  for  lighter  use  follow¬ 
ing  days  with  such  heavy  breeding  sclied-’oles.  In  the  hull  two  matings  a  day 
may  he  made  over  prolonged  periods  i^lthout  seriously  depleting  the  sperm 
supply. 
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